This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

• BLANK PAGES 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



L "^Jlt'"'^* FRS^HOFFmNN EITLECLDN) " WM " AS ""'* TO'hE MUNICH 




(21) (Al> 2,155.527 
(86) 1994/01/22 
(43) 1994/OS/Xfl 



(51) Infc-Cl. A6J.F 2/04; A61F 2/06 

(19) (CA) APPLICATION FOR CANADIAN PATENT (xa) 



(S4) StW»t 



(7X) Jwgieaea AC - C*rw»»y Republic of) ,- 

(30) (DB) P «3 03 lei.l X393/O2/0* 
(S7) 8 Cl*i»» 



Canada 




JUL *U0 12=31 FROM HOFFMANN E1TLECLDN) 
20/07/00 11:06 PATENT EXPRESS 



TO HE MUNICH 



F. 03/14 
NO. 029 P003 



PCT 



A6JF 



CM 



AI 



21 i-ftt^r 1994 , 



0* U| t 



WO 9J/I775J 



£' ^ s^ J^b^^ 0 ' ^ ^ ™- 

BE. CK. De. DK. ES. PR. CB. CR.ffi.rTLU MC h.T 
ML MR NE. SN. TO. TO). W OA av ' 



•5«*> ficMdkit^ STENT 



«w ek fee ^— =— > ^ 7T p™-J«> {7^ 2*. 2h, 2c) *ac fccs«*ft 

Din EfijKfefej *c±Jftft 

r .V. n i T i il. 1^. 2a. iOirfnin;^ ^ _ 





' 20" JUL V 00^12=32 FROM" HOFFMANN EITLECLDN) 
20/07/00 1H0V PATENT EXPRESS 



TO HE MUNICH 



P. 04/14 
NO. 029 P004 




Stent 

The invention relates to a stent. 
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Such seen* or .mpiantable catheters, which can be inserted in . body 
eav.ry. a v«se, or the ,*e. c n be ma*, from p, as , c or 3n inen ^ Such * 

r^"*" e^d0,Umin^, ™- tubes. The stent, are J, 

*>r .nstance in w idening lhe ^ in ^ pfWMw reojon ^ 

a " d ^ *. same. The stents have material areas and gaps oe.wj 
1 0 ^ Thus, the parietal „ the orgart kepl QpBn ^ J£ 

stent, stems can have 8 spira , construction or can be in the farm of a helically 
vvoond coil, They can ateo be made from woven, knitted or braided wire or 
plastic materia., Such .tents can have memory characteristic,, such as occur 
for mstance. with certain nickeKtitanium alloys fnitinoO. 

1 5 A problem with such stems is their limited bendability, particular* on 

.ntroducma through narrow organs, such « Wood vessels. 8 , ,he point where 
a weening can take place. There is a risk that on tMng the stent it bends 
.« the centre ax a result of the action of axiaUy vertically directed forces, in that 
« cro^-^tionai area is reduced in the direction of the acting forces but is 
20 widened perpendicular thereto and to the axial direction thereof. This can make 
msonipn more difficult SO d can elso damage the surrounding tissue, particularly 
•f the stent is ,o be inserted in a bend area of the vessel or the like. Stents are 
relative stiff and inflexible. This more particularly applies with stents having 
a rhombfc structure, which are e.g. produced by cutting from nickel-titanium 
2S sheeting and have memory characteristics. 

The problem of the invention is consequently to provide a stent, which 
has a h,gh bending flexibility in the case of exielly vertical* acting forces and 
wh, C h is in particular subject to no deformations of its contour, paaicularty 
suffering no cross-sectional changes in the case of bendln B . 
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Acco^ng to the invention this problem , 5 so , ved by g . 

at i« . * . «nnacr,n 9 port*™ , n the crcumferential direction there are 
at least two facng. non-interconnected areas of each meander path. 



Due to the fact that with such a steflX an „ wiJh 5CVsr _, 
succeeding material paths guWed in meander-like manner over the 
crcumference facing „r directed towards one another, adjacent areas of two 
advent meander paths are not interconnected in „, cases, out instead 
10 between such interconnected area, there are circumferential* at ,ea« two 
non-mwrconnectad areas, a higher flexibility is obtained than would be the 
c**o with a stem in which an the feeing. 3di3cent areas of twp 3djac6nl 
meander Daihs Were firmly interconnected. Th, s not on»y leads to a higher 
flexibility, but it is in particular achieved that no cross-section deformation 
1 5 occurs at bands under the action of axially vertical forces. 

An important advantage of the invention is that a high bendabiiity is 
achieved without muhilayer material crossing points, such as is the case In 
knitted, woven and braided structures. Due to the fact that there are no such 
material crossing points, the stent according to the invention grows between 
20 into the tissue. It also significantly reduces or eliminates the risk of the 
occurrence of thromboses, particularly in the vascular region. 

According to a preferred development the connecting pontons of axially 
succeeding meander paths are reciprocetely displaced in the circumferential 
direction and in particular the connecting pontons are circumferential* 
25 displaced by half a meander period, so that the desired axial strength i s 
retained or obtained. 

The meander paths can be formed in numerous different ways. Thus, 
according to Deferred developments, the meander paths are 2ig-zag-iik e (with 
peaks), the meander paths are sinusoidal and that the meander paths have an 
30 oval construction. According to further preferred d«vete P menis feeing areas of 



P. 06/14 
NO. 029 P0Q6 



2 1 5552 



the meander paths are aligned in the a * ia , difecliprl and/or ^ ^ ^ 

connecting areas in the Circumferential direction i s no larger than «he w (dt h of 
tne tegs of the meander paths. 

Tne sten, is preferably self-expanding an d is made from a memory 
5 material, in the low temperature state (well below body temperature), tho 
individual meander legs engage wrth one another, whereas in the high 
temperature State <below but closer to body temperature, the stent is radially 
widened. 

Fuaher advantages and features of the invention can be gathered from 
1 0 the claims and the following description of the inventive stent with reference 
to the attached drawings,, wherein show: 

Fig. 1 a preferred development of the stent according to the invention 

in its *ow Temperature or insertion configuration; 



Fig. 2 the stent of Rg* t in its high temperature or positioning 

1 5 Configuration; 

Rg. 3 9 diagrammatic representation of a stent seoarared longitudinally 

at rts welding positions and laid out flat in order to better illustrate 
the connection of zha successive, axial, 2ig>zag meander webs; 

Fig. 4 a slotted plate for producing a stent according to the invention. 
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20 * n *ne represented embodiment the stent 7 according to the Invention 

has a cylindrical shape, the outer contour of the stent being indicated by 
broken lines S in Fig, 2. 



In place of a cylindrical design the stent 1 can also have a conical. 
biconicaJ, frustum-shaped or other contour, u always has an axis of symmetry 
25 A. which determines the 3x£a) direction. The circumferential direction is 
Indicated by the arrow U. 



l tni'i-HHLPtH i^i. lytdtj huk nybyyiti^bb stint; v tUKULKSkii it; 
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^ can ,„ wnicu| „ „. gMberM 
according, to the invention __.u ' *• s «"' ' 

«-^«-jrr«nsr ° •■ ,umo " - *■ *■ *> 

- ™and„ pa,„ s 26 tTTTrr * '" *" *-"""*"*»"' *— » 

H ,n ^* 2b af e arranged in such a waw rh^ ^ 
farina ^w- w 3 wa V thai m each ca« 

-neanderp,,* 2 . 2 ,. 26 are axially aligned. WM — 

' Ja * 3 3b *> f the meander paths 2 2a 5h • 

4d of two accent meander p3ths 2 , * are circumferential prov! 

to the , ft v«nt.oo. „ is in acnIfiVw , ^ whgn ^ ^ _ ^ 

ngh. **« to Us f0 n 2i ^,, 5{ 3XSs A ^ cenwa( ^ dees bend ^ m " 
way tKat ,t loses it* cross-sectional*, substantia)* circular contour and « 
pre*** nat in the centre in the action direction of the forces and perpendicurar 
io tha action direction of the forces is not widened In the centre of it, 
longitudinal extension as * the ^ ^ c^.^, ^ ^ g|| ^ 

toQ *jacont peak areas 3. 3a etc. of Reposed meander turns are firm* 
hnfeed by connecting areas 4, 4a etc. 

20 The connecting areas 4, 4a etc- are in one piece with the remaining part 

of the stem, particularly the meander paths 2, 2* etc. and their adjacent areas 

3, 3a » 



* can be gathered from Fig. i that the substantia.* rhombic free spaces 
formed between the tegs of meaner „ 2 , 2a etc . ; „ ^ 
ramperature setting taper to slots in the low temperature setting and the .egs 
of the meander paths 2. etc. are substantially parallel to one another. 

Rg. 3 also show« lnat trie circumferential thickness of the connecting 
areas 4, 4a, 4b. 4c is no greater than the thickness of the individua. tegs of the 
meander p^ 2 . 2a . „ tc . ^ 3reaft ? ^ Qf ^ w ^ ^ ^ ^ 



i 
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"» me closed position of the stent shown in Fia a ■ . 

welded joints. 9 ' 6 ,nlefCon "ected by 



F.Q. * shows a slotted plate from which ,be stent according to rh« 
invention can be produced. The stent i, ™* a * wording to the 

5 as nit,™. . „ cea ' T ^ «ent , s made from a nickel-titanium alloy, such 

I' 3 P ' aie ^ OPBninai ° f SbtS « in fi 9 « To 

produced ,n that circumferential* accent slots are In each case „JLd by 

80 7 X,m3le,V l * f ** ! " ^ — Action A, m the centra, area Jf 

bound.no the waning 12 in the circumferential direct ion „ reduce(J r0 
10 to the width of the material .eft between the s.ots. If the portions , 3 5re ; eff 
tney later form the connecting portions 4, 4a, etc.. or in the areas where the 
pon,ons 13 are removed, the free spaces or gaps 5 , 53 . etc are created. 

After producing the plate in the form shown in Fig. 4 initially all the 
portions 13 are left. Only to the left is it indicated in Rg. 4 how subsequently 
i S i.e. after producing the stent, as shown in Fi 8s . , and 2 . the separations are 
formed for creating the gaps 5. 

The ptaw shown in Fig. 4 is bent to form a cylinder, so that the two 
edges 14. i S are in contact. At the welding points 7, 7' the welding joint* are 
made and as a result initially a stent is formed in its low temperature position 
20 corresponding t0 Fig . Tbis fs by a ^ veaiment 6o ^ ^ ^ 

memory characteristics to the resuiting stent, so that after raising the 
temperature to a predetermined ambient temperature. ™hich is below the 
temperature of the human body, it can widen to its high temperature position 
corresponding to Fig. 2. 



25 
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After producing and heat treating the stent in this way. the bridges 13 
are removed in the desi/ed manner, so that The connecting areas or webs 4 
4a. etc. or free spaces 5, S'. Sa, etc. are formed, in the manner described 
hereinbefore. In Fig. 3 between two circumferentially succeeding connecting 
areas or webs 4. 4a are in each case formed two free space* 5 of adjacent, 
facing areas 3. 3a of the meander turns 2, 2a. The portions between the 
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role. There should be ai Jeax two fr ee 



can also be ir\^e larger. As 



succeeding webs 4- 



spaces S between two circumferentiaily 



5 bends T be ; nVGnt,0n Pf6VideS 3 ™W which en „ tha 

5 bends without any deterioration. 
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2*. 2b. 2c, ,h« .30= „ch o«w a „d „. no, rauwa , v „„„„,„, m ^ 

tt J3 . fc U) ^ (to e3cB othef ~ 

— row .^.p.,,,^ „„„ suraUo „ _ Ih . „„„ of ^ 
against each other. 



2. stenx according w c , 8fm charac . erized lo thgI ^ ^ 

2 Pc.rt.0n5 IM4*,ic| of axial* succeeding meander paths <2. 2 3,2b,2c) are 

3 recorocatejy displaced in ths circumferential direction (U). 

1 3. stent according ~ 2> cn3ractefteed ^ that lhe connBCtjn „ 

3 circumferential direction <U). 

thai the meander path, <2,2a,2b,2c) have a *g-za 0 construct^ with p«Ks. 

J 5- St«n, according to any one of the claims 1 to 3. characterized in 

lhat Tno meander path* are slnucowfaL 



6. 



Stent ; 



„ . Laecord,nBroan y onoof ^P«cedinscraim 3 .ch 5 r a ^ e ,i 2 ed 
in inat tne meander paths are oval. 

1 7. 5Teniac ^ i ng,o q nyoneofthepreced;nflcla>rn s . C h a r,cterized 

2 ,n , 3t the facing areas <3 . 3a , 3 - a .3p, or the meander path, , 2 , 2a , 2b , Zc , are 

3 obgned »n tha axial direction {A), 
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81 ™ W,<,th °' th ° «=°™ect,n 9 areas K,^,^, In lhe circumferential 
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